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INTRODUCTION 

The  field  of  respiratory  physiology  is  slowly  yielding  its  secrets,  ad- 
vancements being  made  in  the  study  of  the  effect  of  pK,  Pqu  ,  and  P02  inter- 
action on  respiration,  in  the  study  of  peripheral  chemoreceptor  functions, 
and  in  the  study  of  the  mechanical  properties  of  the  lung  are  making  possible 
a  clearer  understanding  of  respiratory  function. 

Of  the  peripheral  chemoreceptors  which  have  been  isolated,  the  carotid 
body  has  been  studied  in  the  most  detail  (Joels  and  Neil,  1963;  Comroe,  1964). 
Whether  or  not  the  peripheral  chemoreceptors  all  function  in  the  same  way  and 
whether  or  not  there  is  interaction  of  responses  to  pH,  PcDo'  an<i  ^°2  wi-tkin 
a  given  peripheral  chemoreceptor,  or  possibly  even  between  the  various 
peripheral  chemoreceptors,  has  yet  to  be  determined. 

In  studying  the  respiratory  response  to  the  stimulation  of  a  single,  iso- 
lated chemoreceptor  it  is  necessary  to  control  the  blood  gas  tensions  reaching 
all  other  chemoreceptors.  In  general,  arterial  blood  gas  tensions  are  very 
nearly  the  same  as  alveolar  gas  tensions.  Thus,  by  controlling  the  gas 
tensions  at  the  exchange  surfaces  of  the  lung,  it  is  possible  to  produce 
desired  tensions  of  these  gases  in  the  blood. 

Although  respiratory  and  circulatory  responses  to  variations  in  oxygen 
and  carbon  dioxide  levels  have  been  studied  in  man,  only  isolated  observa- 
tions have  been  made  for  the  chicken.  This  paper  presents  a  method  by  which 
arterial  FCQ  and  Pq  can  be  predicted,  within  a  given  range,  for  the  chicken 
when  the  gas  mixture  being  given  through  the  unidirectional  respirator  is 
known.  In  conjunction  with  the  determination  of  arterial  blood  gas  tensions 
and  pH,  a  study  of  the  respiratory  and  circulatory  responses  to  variations  in 
respiratory  gas  tensions  in  the  chicken  has  also  been  made. 


LITERATURE  REVIEW 

In  studies  of  peripheral  cheraoreceptors,  some  attention  has  been  given 
to  the  control  of  arterial  blood  gas  levels.  MacLeod  and  Scott  (1964)  simply 
estimated  arterial  oxygen  tension  from  alveolar  oxygen  tension  in  the  study  of 
the  carotid  body.  Duke  et  al.  (1963)  bubbled  5  percent  C02  in  oxygen  through 
the  blood  of  the  "restricted"  systemic  circulation  in  order  to  keep  it  con- 
stant in  their  study  of  the  effects  of  stimulation  of  the  pulmonary  body. 
Daly  et  al.  (1965)  used  mechanical  oxygenation  of  the  blood  while  studying 
the  aortic  body. 

The  study  of  respiratory  physiology  in  the  chicken  and  the  experimental 
control  of  blood  gas  levels  has  been  aided  by  the  development  of  a  unidirec- 
tional respirator  (Burger  and  Lorenz,  1960).  Using  this  respirator  a  gas 
mixture  can  be  introduced  through  a  tracheal  cannula,  forced  through  the  lungs 
and  into  the  air  sacs,  and  allowed  to  exit  via  an  opening  produced  surgically 
through  the  midventral  abdominal  wall  and  the  abdominal  air  sacs.  The  uni- 
directional respirator  was  modified  (Fedde  and  Burger,  1962)  to  allow  the  gas 
to  be  heated  and  humidified,  thus  preventing  lowering  of  the  body  temperature 
and  dehydration  of  the  pulmonary  tissue.  Use  of  this  respirator  allows  open 
thoracic  surgery  in  the  chicken  under  conditions  which  provide  a  responsive 
experimental  subject  for  many  hours. 

Arterial  Blood  Gas  Tensions 

Control  of  arterial  blood  gas  tensions  should  be  possible  using  the 
unidirectional  respirator.  Arterial  gas  tensions  have  been  found  to  be 
quite  close  to  alveolar  gas  tensions.  In  man  (normal)  an  alveolar  POg  of 
97.4  am  Hg  corresponds  to  an  arterial  P0  of  97.1  mm  Hg,  according  to  the 
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results  of  Conroe  and  Dripps  (1947).  During  normal  respiration  the  amount  of 
oxygen  in  the  inspired  air  is  diluted  by  the  COg  and  water  vapor  in  the  lungs, 
so  that  the  alveolar  air  has  a  lower  oxygen  tension  than  inspired  air.  Viith 
the  use  of  the  unidirectional  respirator,  the  dilution  process  should  be  vir- 
tually eliminated  and  the  arterial  gas  levels  should  be  under  more  exact  exper- 
imental control  j  thus,  a  certain  mixture  of  gases  introduced  through  the 
respirator  should  correspond  to  certain  arterial  gas  tensions,  which  can  be 
determined  and  controlled. 

The  oxygen  dissociation  curves,  which  have  'asen  determined  for  the  chick- 
en, provide  information  which  helps  in  the  interpretation  of  blood  gas  ten-" 
sions  (Christensen  and  Dill,  1935).  Morgan  and  Chichester  (1935),  in  their 
determination  of  oxygen  dissociation  curves  for  the  chicken,  found  that  blood 
take:,  from  a  resting  chicken  had  an  arterial  ?Q     of  90  mm  Kg  and  PCq2  of  34 
mm  Kg  at  a  temperature  of  40.0°  G.  In  general,  these  dissociation  curves 
shew  that  chicken  blood  has  less  affinity  for  oxygen  than  the  blood  of  man. 

Respiratory  and  Circulatory  Effects 

■Studies  of  respiratory  and  circulatory  responses  to  variations  in  oxygen 
and  carbon  dioxide  tensions  in  respired  gases  have  provided  soma  interesting 
results  from  mammals,  especially  man.  In  a  review,  of  the  circulatory  effects 
of  hypoxia,  Korner  (1959)  points  out  that  there  is  an  increased  heart  rate 
and  cardiac  output  and  that  peripheral  vasoconstriction  occurs.  Some  inves- 
tigators have  not  found  an  increase  in  cardiac  output  during  hypoxia  (Click 
et  al.  1964).  Thilenius  et  al.  (1964),  in  support  of  active  vasoconstriction 
of  the  pulmonary  vessels  during  hypoxia,  found  that  6-15/»  O2  produced  an  in- 
crease in  pulmonary  artery  pressure  and  cardiac  output  and  a  decrease  in  left 
atrial  pressure.  From  these  values  the  pulmonary  vascular  resistance  was 


calculated  and  found  to  increase. 

In  a  study  of  effects  of  increasing  the  CO2  in  inspired  gas,  Schneider 
and  Truesdel  (1922)  found  that  increases  in  blood  pressure,  heart  rate,  and 
respiratory  minute  volume  occurred  in  man.  In  a  review  article  on  the  control 
of  respiration,  Kellogg  (1964)  states  that  Pfluger,  in  1868,  did  the  first 
experimental  work  to  show  that  hypercapnia  and  hypoxia  stimulate  breathing. 
Kellogg  shows  that  for  man,  increasing  CO2  increases  respiratory  minute  volume, 
tidal  volume,  and  rate,  and  decreasing  O2  increases  ventilation  (liter/min.). 
He  points  out  that  the  ventilatory  responses  to  O2  and  CO2  do  not  appear  to 
be  simply  additive.  Increasing  the  CO2  increases  the  response  to  hypoxia,  and 
decreasing  the  O2  increases  the  response  to  hypercapnia.  According  to  Kellogg, 
the  response  for  an  increase  in  H+  appears  to  be  additive  to  the  response  for 
an  increase  in  carbon  dioxide,  as  Gray  (1950)  originally  proposed.  However, 
Hamilton  (1964)  (using  a  high  constant  PO2)  found  that  CO2  and  H+  interact 
negatively  with  an  increase  in  one  producing  a  decrease  in  response  to  the 
other. 

Little  is  known  concerning  the  effects  of  such  gaseous  changes  for  the 
chicken.  Hiestand  and  Randall  (1942)  have  shown  that  10  per  cent  CO2  in  an 
unanesthetized  chicken  will  increase  the  respiratory  amplitude.  Van  katre 
(1957)  ventilated  chickens  by  introducing  respiratory  gases  through  a  needle 
inserted  into  the  posterior  thoracic  air  sac.  He  found  that  a  rather  large 
flow  of  gas  would  inhibit  respiration,  but  that  increasing  the  amount  of  Kg 
or  CO2  would  overcome  the  inhibition.  Increasing  the  CO2  increased  the  depth 
of  respiration,  although  the'  rate  of  respiration  did  not  appear  to  change. 


EERIAL  ...      .33 

The  experiment  was  divided  into  two  studies.  Ten  adult  Single  Comb 
.Vhite  Leghorn  males  were  used  in  the  first  study,  while  fourteen  Hy-Line1 
males  were  used  in  the  second  study.  Each  study  was  further  divided  into  two 
parts.  In  Study  I,  Part  A,  the  oxygen  in  the  dry  gas  mixture  of  the  "inspired" 
gas  was  held  constant  at  18$,  while  the  carbon  dioxide  was  varied  from 
20-0-20$.  In  Part  B,  the  carbon  dioxide  was  held  constant  at  5$,  while  the 
oxygen  was  varied  from  4-94$.  In  Study  II,  Part  A,  the  oxygen  was  held  con- 
stant at  20$  of  the  dry  gas  mixture,  while  carbon  dioxide  was  v.  ied  from 
12-2-12)*,}  in  Part  B,  carbon  dioxide  was  held  constant  at  5$,  while  the  oxygen 
varied  from  50-6$ in  two  trials  (1  and  2). 

There  were  a  few  differences  in  experimental  design  between  Study  I  and 
Study  II.  In  Study  I,  Part  A,  carbon  dioxide  levels  in  the  respiratory  gas 
ranged  from  very  low  (0$)  to  rather  high  (20;,).  The  higher  carbon  dioxide 
levels  (above  12$)  and  the  low  carbon  dioxide  levels  (below  2$)  were  not  used 
in  Study  II,  mainly  because  of  possible  deleterious  effects  on  the  bird  of 
higher  levels  of  CC2  and  because  the  pC02  electrode  responds  logarithmically 
and,  hence,  cannot  accurately  be  used  to  measure  these  low  levels.  The  50$  to 
mixtures  of  oxygen  were  not  used  in  Study  II,  Part  3,  because  little  change 
in  any  parameter  .v.easured  (except  arterial  P02)  occurred  at.  these  levels.  In 
Study  II,  the  bird  first  received  50$  02j  then  the  02  was  gradually  reduced 
to  the  lower  levels.  In  Study  I,  Part  B,  the  oxygen  mixtures  were  initially 
dropped  to  4$  02  and  gradually  raised  in  steps  to  94$  02. 


Coombes  and  Sons  Hatchery,  Sedgewick,  Kansas. 


An  Offner  Type  S  Dynograph2  was  used  for  the  simultaneous  recording  of 
arterial  blood  pH,  arterial  blood  P0  ,  arterial  blood  ?qq2,   arterial  blood 
pressure,  tracheal  pressure,  and  sternal  movements.  Body  temperature  was 
monitored  throughout  the  experiment  using  a  read-out  thermometer^  with  a 
rectal  thermistor4,  which  was  inserted  four  inches  into  the  rectum. 

Experimental  Materials  and  Arrangement 
The  unidirectional  respirator.  The  unidirectional  respirator  and  other 
parts  of  the  experimental  arrangement  are  presented  diagrammatic ally  in  Fig.  1. 
The  unidirectional  artificial  respirator,  as  described  by  Burger  and  Lorenz 
(1960)  and  Fedde  and  Burger  (1962),  is  divided  into  the  flowmeter  section  and 
the  heater-humidifier  section.  Four  floating-ball  flowmeters5  were  used  for 
regulating  and  measuring  the  flow  of  air,  oxygen,  nitrogen,  and  carbon  dioxide. 
Although  calibration  curves  were  provided  by  the  manufacturers  of  the  flow- 
meters, determination  of  these  curves  was  repeated  for  the  specific  gases  used 
over  the  required  range  of  flowmeter  settings.  This  was  done  in  the  following 
manner.  At  each  flowmeter  setting,  a  soap  bubble  was  introduced  into  the  flow 
of  gas  passing  from  the  flowmeters  into  a  graduated  glass  tube.  The  gas  flow 
carried  the  bubble  through  the  graduated  glass  tube  (10  ml.),  and  the  movement 
of  the  bubble  was  timed  to  obtain  the  flow  (ml./min.).  A  larger  tube  (200  ml.) 
was  used  for  the  faster  flows  at  higher  settings  of  the  flowmeters,  since  the 
rapid  flow  in  the  small  tube  was  too  fast  for  accurate  timing.  The  tube  was 


2 

Offner  Division  of  Beckman  Instruments,  Inc.,  3900  River  Road, 
Schiller  Park,  Illinois. 

"Yellow  Springs  Instrument  Co.,  Yellow  Springs,  Ohio  (Model  43). 

4Yellow  Springs  Instrument  Co.,  Yellow  Springs,  Ohio  (Model  401). 
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Precision  Laboratory  Instruments,   Cole-Parmer  Instrument  and  Equipment 
Co.,   7330  North  Clark  Street,  Chicago  26,   Illinois. 
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Fig.  1.  .Experimental  arrangement  for  the  simultaneous  recording 
of  arterial  blood  pH,  arterial  blood  Ijq2,   arterial  blood  ^CO?* 
arterial  blood  pressure,  tracheal  pressure  and  sternal  movements 
during  alterations  in  respiratory  Pq  and  ?qq~» 


rinsed  with  water  periodically  to  prevent  drying  and  breaking  of  soap  bubbles. 
The  new  calibration  curves  showed  some  slight  differences  in  gas  flow  over  the 
range  used  when  compared  with  the  original  calibration  curves  (Fig. 2). 

The  gas  heater-humidifier  section  (Fig.  1)  of  the  unidirectional  respir- 
ator consisted  of  a  large,  stoppered,  glass  tube  which  contained  a  fine  spray 
of  warm  water.  The  water  was  obtained  from  a  constant  temperature  water  bath 
(+  0.5  °C.)  and  was  continuously  recirculated.  Air,  or  oxygen-nitrogen  mix- 
ture, from  the  flowmeters  was  introduced  into  the  heater-humidifier  through  a 
tube  which  reached  almost  down  to  the  water  level.  The  gases  then  passed  up 
through  the  spray  of  water  to  the  outlet  tube,  which  passed  down  and  out  of  the 
heater-humidifier.  Since  carbon  dioxide  is  very  soluble  in  water,  it  was  added 
to  the  gas  mixture  as  the  mixture  passed  from  the  heater-humidifier  before 
reaching  the  tracheal  cannula.  The  temperature  of  the  gas  mixture,  as  it 
passed  into  the  trachea,  was  held  at  42°-44°  C.  by  controlling  the  temperature 
of  the  water  bath.  This  procedure  helped  to  maintain  the  body  temperature  of 
the  bird  at  about  40°  C.  The  heater-humidifier  thus  provided  saturation  of 
the  gases  with  water  vapor  and  reduced  loss  of  moisture  and  heat  from  the  lungs. 
The  gases  were  thus  considered  to  have  been  warmed  and  humidified  to  within 
the  normal  limits  for  gases  in  the  lungs.  Gross  examination  of  the  lungs  after 
an  experiment  showed  them  to  be  normal  in  color  and  density. 

£££  J29_2>  ££02,  2S&  2S  electrodes.  For  measurement  of  arterial  P0   PcOo» 
and  pH  the  Bookman  modular  cuvette  with  electrodes6  was  used.  This  device 
provided  a  continuous  extracorporeal  blood  gas  sensing  system.  The  electrodes 
were  the  oxygen  macro  electrode,  the  Severinghaus  pC02  electrode,  the  silver- 
silver  chloride  micro  blood  pH  electrode,  and  the  fiber  junction  reference 


Spinco  Division,  Beckman  Instruments,  Inc.,  Stanford  Industrial  Park,  Palo 
Alto,  California. 
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electrode. 

Since  the  values  measured  with  the  electrodes  vary  with  the  temperature, 
it  was  necessary  to  control  accurately  the  temperature  in  the  cuvette.     A 
custom-made  water  bath  incorporating  a  temperature  controller,^  an  iraniersible 
thermistor,8  a  heater9  (200  watts),   and  a  vertical  immersion  recirculating 
pumplO  was  used  with  the  modular  cuvette  to  hold  the  temperature  of  the  water 
circulating  through  the  cuvette  at  40.00°  +  0.07°  C.     Severinghaus  (1964)  has 
provided  correction  factors  for  the  effect   on  PQ     of  variation  of  temperature 
and  pH  in  human  blood.     However,  these  factors  are  not  applicable  for  the 
chicken,   since  the  blood  pH  and  the  oxygen  dissociation  curves  for  the  chicken 
are  different  from  those  of  man. 

The  p02  and  pG02  electrodes  were  also  used  as  a  means  of  determining  the 
accuracy  of  the  oxygen  and  carbon  dioxide  tensions  in  the  gas  mixture  at  the 
various  flowmeter  settings  which  were  presented  to  the  birds.     The  expected 
oxygen  tensions  for  the  gas  mixtures  at  body  temperature  and  atmospheric 
pressure  saturated  with  water  vapor  (BTPS)  were  calculated  for  the  various  gas 
percentages  according  to  the  equation:     Pq„  =   per  cent  oxygen  (barometric 
pressure  -  water  vapor  pressure  at  40°  C).     For  example,   at  10  per  cent 
oxygen,  ?Q^  m  .10  (727.9mm  Hg  -  54.9  mm  Hg)  =   67.3  mm  Hg.     The  expected  tensions 
were  compared  with  those  obtained  when  the  gas  mixtures  produced  by  given 
settings  of  the  flowmeters  were  measured  with  the  electrodes.     A  comparison 


7     Yellow  Springs  Instrument  Co.,  Inc.,  Yellow  Springs,  Ohio   (Model  71). 
o 

Yellow  Springs  Instrument  Co.,   Inc.,  Yellow  Springs,   Ohio   (Number  403) 

9     Aloe  Scientific,   St.  Louis,  Missouri. 
1°     Aloe  Scientific,   St.  Louis,  Missouri, 
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of  the  values  for  PQ  is  presented  in  Fig.  3.  There  was  close  agreement 
between  expected  and  measured  values,  although  measured  values  were  slightly 
lower  at  the  upper  oxygen  tensions.  Figure  4  shows  the  close  agreement  be- 
tween the  expected  and  measured  values  of  Pco2*  In  general,  the  comparisons 
indicated  that,  at  a  desired  flowmeter  setting,  the  bird  was  receiving  close 
to  the  expected  gas  tension. 

Calibration  of  the  oxygen  and  carbon  dioxide  electrodes  required  the  use 
of  calibrating  gases.11  Certified  analysis  of  these  gases  showed  purity  to 
be  5.031$  C02  and  12.26$  CO2.  Nitrogen  (99.999$)  was  used  for  zero  oxygen. 
Air  was  used  as  a  standard  for  20.9  per  cent  oxygen.  In  initial  experiments, 
the  calibrating  gases  were  passed  quite  slowly  and  intermittently  through  the 
cuvette  in  order  to  minimize  cooling  and  drying  of  the  electrodes.  In  later 
experiments  the  calibrating  gases  were  first  bubbled  through  warm  water  in  a 
test  tube  in  order  to  help  warm  and  humidify  the  gas  before  it  reached  the 
electrodes.  This  procedure  increased  the  repeatability  of  the  calibrations. 

The  pH  electrode  was  calibrated  using  buffers  with  values  of  6.84,  7.38, 
and  7.84  at  40°  C.12 

Statham  pressure  transducers13  were  used  to  sense  blood  pressure  and 
tracheal  pressure.  A  mercury  manometer  was  used  for  calibration  of  the  blood 
pressure  transducer  and  a  water  manometer  was  used  for  calibration  of  the 
tracheal  pressure  transducer.  Tracheal  pressure  was  not  measured  in  the  first 


"Air  Products  of  Minnesota,  Inc.,  P.O.  Box  176,  Shakopee,  Minnesota. 

Spinco  Division,  Beckman  Instruments,  Inc.,  Stanford  Industrial  Park, 
Palo  Alto,  California. 

13 

Statham  Laboratories,  Inc.,  Hato  Rey  Industrial  Subdivision,  Hato  Rey, 
Puerto  Rico.  Blood  pressure  transducer  (Model  P23Gb),  tracheal  pressure 
transducer  (Model  P23AA). 
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Pig.  3.  Comparison  of  expected  P02  in  the  gas  mixtures  from  the 
flowmeters  with  the  P02  obtained  when  the  gas  mixtures  were  analyzed 
with  the  pC-2  electrode.  Both  descending  and  ascending  changes  were 
made  in  the  gas  mixtures.  The  obtained  P02  was  slightly  lower  than 
expected  at  the  higher  tensions.  At  the  average  barometric  pressure 
during  the  study  13.7  mm  Hg  «  2%  O2. 
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Fig.  4.  Comparison  of  expected  PC02  in  the  gas  mixtures 
from  the  flowmeters  with  the  Pco2  obtained  when  the  gas 
mixtures  were  analyzed  with  the  pO>2  electrode.  Both  de- 
scending and  ascending  changes  were  made  in  the  gas  mixtures. 
At  the  average  barometric  pressure  during  the  study  13.7  nun 
Hg  ■  2%  C02. 
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studyj  but  it  was  included  in  the  second  to  obtain  an  indication  of  any 
change  in  the  resistance  to  air  flow  presented  by  the  lungs.  Tracheal  pres- 
sure was  taken  a  few  centimeters  from  the  tracheal  cannula  (Fig.  1). 

Respiratory  movements  were  measured  with  a  strain  gauge  device,  which  was 
attached  near  the  caudal  tip  of  the  sternal  carina  (Fedde  et  al. ,  1963). 
Respiratory  amplitude  and  period  (seconds/respiratory  cycle)  were  measured. 

Surgical  and  Experimental  Procedure 

The  birds  were  restrained  in  dorsal  recumbency  and  a  polyethylene 
cannula  (RE  90,  10  cm.  in  length)  was  placed  in  the  left  cutaneous  ulnar  vein 
for  the  administration  of  anesthetic  and  heparin.  Pentobarbital  sodium 
(65  mg./ml.)  was  infused  slowly  to  effect.  Absence  of  a  response  to  a  pinch 
on  the  rostral  edge  of  the  comb  indicated  deep  anesthesia  (Fedde  et  al.,  1963). 
Usually  1.0  to  1.5  ml.  of  anesthetic  were  required,  additional  0.1  ml.  doses 
were  given  as  needed  throughout  the  experiment  to  maintain  a  light  surgical 
anesthetic  level.  Gannulae  for  blood  pressure  measurement  (RE  160,  27  cm.  in 
length)  and  for  provision  of  a  flow  of  arterial  blood  (PE  160,  20  cm.)  to  the 
extracorporeal  blood  gas  sensing  system  were  placed  in  the  left  and  right 
ischiatic  arteries  respectively. 

Blood  was  returned  to  the  bird  from  the  extracorporeal  blood  gas  sensing 
system  by  inserting  a  cannula  (RE  120,  32  cm.)  into  the  right  cutaneous  ulnar 
vein.  A  one-piece,  glass  bubble  trap  (Fig.  1)  was  inserted  in  the  path  of  the 
cannula  a  few  centimeters  from  the  bird.  The  bubble  trap  was  essentially  a 
perpendicular  extension  from  a  small  glass  tube  (through  which  the  blood 
flowed)  forming  a  bulb  which  had  an  opening  at  the  top  into  which  was  inserted 
a  small  serum  bottle  stopper.  A  small  air  bubble  could  be  injected  into  the 
three-way  stopcock  between  the  cuvette  and  the  return  cannula  in  order  to 
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measure  the  flow  of  blood,  \ihen   the  bubble  reached  the  trap,  it  rose  into  the 
bulb  and  thus  did  not  enter  the  vascular  system  of  the  bird.  The  trapped  air 
could  occasionally  be  removed  from  the  bulb  by  a  syringe  and  needle  inserted 
through  the  rubber  serum  bottle  stopper  in  the  bubble  trap.  The  movement  of 
the  air  bubble  along  the  marked  length  of  the  cannula  was  timed  in  order  to 
provide  an  indication  of  the  rate  of  flow  of  the  blood  through  the  cuvette. 
Satisfactory  flows  were  on  the  order  of  0.15  ml  ./sec.  At  this  flow  rate,  it 
required  less  than  four  seconds  for  blood  to  reach  the  sensing  device  from 
the  bird. 

'Jifith  the  cannulae  in  place,  preparation  was  made  for  the  flow  of  the 
gases  through  the  bird.  *  skin  incision  (5  cm.  in  length)  v/as  made  midven- 
trally  in  the  proximal  half  of  the  neck.  Two  layers  of  connective  tissue 
were  transected  and  the  trachea  (on  the  right  side  of  the  neck)  was  isolated 
in  preparation  for  later  tracheotomy.  A  midventral  abdominal  incision  was 
made  from  the  caudal  tip  of  the  sternal  carina  to  within  1  cm.  of  the  cloacal 
orifice,  and  the  abdominal  air  sacs  were  ruptured.  The  tracheotomy  was  then 
completed,  and  a  mixture  of  air  and  b%  carbon  dioxide  from  the  unidirectional 
respirator  was  introduced  through  the  tracheal  cannula.  The  gas  mixture 
passed  through  the  lungs,  into  the  air  sacs,  and  out  to  the  atmosphere  through 
the  openings  in  the  air  sacs  and  the  abdominal  wall.  The  cranial  and  caudal 
thoracic  air  sacs  were  then  ruptured  using  an  alligator  biopsy  forceps.  The 
cervical  air  sacs  had  been  ruptured  during  the  installation  of  the  tracheal 
cannula.  Thus,  gas  could  pass  over  almost  all  of  the  respiratory  gas  exchange 
surface.  In  the  interest  of  economy,  a  gas  mixture  of  air  and  5  per  cent 
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carbon  dioxide  was  used  until  the  beginning  of  the  experimental  series  at 
which  time  oxygen  and  nitrogen  were  substituted  for  air.  At  all  times,  a 
total  flow  of  4000  ml./min.  of  gas  was  given  to  the  bird.  Four  to  six  per 
cent  carbon  dioxide  had  been  found  to  give  normal  respiratory  movements  for 
the  anesthetized  chicken  under  unidirectional,  artificial  respiration  (Fedde 
et  al . ,  1963).  This  level  of  carbon  dioxide  prevents  the  drastic  changes  in 
acid-base  balance  v/hich  would  occur  if  only  air  were  used.  Heparin  sodium^ 
(initial  dose  of  200  units)  was  infused  slowly  over  a  10  minute  period  with 
additional  10  unit  doses  given  during  the  experiment  about  every  30  minutes. 
The  heparin  was  used  in  order  to  prevent  clotting  in  the  cannulae  and,  espec- 
ially, to  prevent  clotting  in  the  modular  cuvette. 

The  flowmeters  were  then  set  to  give  the  desired  flows  of  the  gases.  For 
each  change  in  the  gas  mixture,  a  time  of  at  least  three  to  five  minutes  was 
allowed  for  the  change  in  the  recorded  value  of  the  arterial  gas  tensions 
to  stabilize  before  any  readings  were  taken.  For  example,  with  a  change  from 
7%  C02  +  20£  02  +  73%  N2  to  Q%  C02  +  20%     0£  +  72%  N2,  readings  for  recorded 
values  were  taken  after  the  change  in  the  recorded  arterial  Pqq  had  leveled 
off.  A   continuous  record  was  taken. 

The  measured  values  for  each  of  the  parameters  (except  for  sternal  move- 
ments and  heart  rate)  were  transformed  from  millimeters  of  recorder  pen  de- 
flection to  the  appropriate  units  using  the  calibration  curves  which  had  been 
obtained.  For  every  change  in  respired  gas  tension,  the  mean  of  each  parame- 
ter (blood  pressure,  heart  rate,  arterial  PQ0  ,  etc.)  was  found  over  all  birds. 
In  a  few  cases  not  all  parameters  could  be  recorded.  The  standard  errors  of 
the  means  v/ere  calculated. 


14  Abbott  Laboratories,  worth  Chicago,  Illinois  (PanheparinR). 
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RESULTS  AND  DISCUSSION 

Tables  1  through  5  oresent  the  numerical  results  of  Study  I  and  Study  II. 
The  results  are  graphically  summarized  in  Figs.  5  through  16.  The  figures  for 
each  part  are  divided  into  a  graoh  correlating  changes  in  respiratory  gas 
tensions  with  blood  P02,  PC02,  and  pH  and  a  graph  correlating  changes  in 
these  gas  tensions  with  blood  pressure,  heart  rate,  respiratory  movements, 
and,  in  Study  II,  tracheal  oressure.  The  resoiratory  gas  tensions  used  are 
based  upon  the  average  barometric  pressure  for  Study  I  and  the  average 
barometric  pressure  for  Study  II. 

Effect  of  Variation  in  Resoiratory  PC02  with 
Constant  P02  on  Arterial  PCO2,  P02,  and  pH 

The  changes  found  in  arterial  PC02,  P02,  and  oH  with  variation  of  respir- 
atory carbon  dioxide  tension  are  shown  in  Fig.  <   for  Study  I  and  in  Fig.  6  for 
Study  II.  The  arterial  PC02  was  found  to  be  in  close  agreement  with  the  PC02 
of  the  resoired  gas  PC02,  exceot  for  a  slight  difference  at  the  low  carbon 
dioxide  tensions.  Figure  7  orovides  a  more  direct  comparison  of  the  PC02 
values.  The  differences  at  the  low  carbon  dioxide  tensions  were  from  a  few 
mm.  Hg  in  Study  II  to  about  10  mm.  Hfe  in  Study  I.  The  main  differences  in 
Study  I  started  at  about  10#  C02  (descending)  to  about  5%   C02  (ascending), 
with  the  largest  differences  at  the  low  carbon  dioxide  tensions. 

There  are  several  possible  explanations  for  this  difference.  First,  the 
PC02  electrode  resoonse  is  logarithmic  and  not  as  rapid  at  the  low  tension  of 
carbon  dioxide.  Due  to  the  slow  resoonse  of  this  electrode  (1-2  minutes)  a 
long  time  may  be  required  for  an  accurate  reading,  esnecially  below  about  2%. 
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Table  1.     Experimental  values  for  variation  in  carbon  dioxide   in  Study  I. 

• 

• 

CO 

+  1 

c 
Id 

CD 
CO 

u 
© 
-p 

CD 
U 

a 

C 
•H 

CO 
IB 

to 

C 

a5 
J3 
O 

Resp. 
Amplitude 

CM 
CO 

p 

•H 

d 

3 

IS 

ooaiMn«oioioNfli*H«3'0*OiniflO<j'OOnN«inoi 
•••••••••••«•••»••...    ....... 

c-t-wioioioiouimm^^^.KjMHH                                     H  m  cm  n 

Resp. 
Period 

o 

CD 

CO 

CO 

• 

rH 
O 
>> 
O 

NNN(i)HNWNWNMWWW,lKH0iflOOOOOO'J"fli)(0 
+  1 

N««NWWNWNNMW«NNN^t-                                            H  W  CM  CM 

CD 

+» 

d 
-P 

CD 

as 

G 
•H 

m 
-p 
cd 

CD 

m 

O^COWtOOnOiOMniOiOCOWin^OH'J'SB'OIXD^bcTs'O 

tf)in*in^ininuiLO<ooc»co[-cTiH'tco^ir.  cDinin^'tfnNH 

...                                                                                                  riHrlrlriHHHrlHrlHH 

|   6^>ios'^o*c3^ooin<,in(Ooi^N^cooincow<o^ON 

rfSS02!£:r<w'*(0!;"'*,o)j'*ococ-iDiccowoHHt-coin 
1   oooHOOooc»acocoM>t-t><iHininin^«)i>cocoa)cora 
i  n  n  oo  n  «  n  n  (V)  N  N  i>)  m  m  /m  ™  r%>  ™  ro  ™  c^  M  .-.?  ffi  .  w  M  ci  M  fJ — 

13 

O 

O     CD 
rH      tt 

m  3 

CO 
•     CO 
CO     CD 

cd    U 

•H    £ 

i 

*i«  m  c-   vovococo^Ncoco^cvjvoiocMOi^pHininiOrH^t-vDcoLn 
t-coco   cj»raoot-c>-c~t>-c>t>c>-t>oc>c>t>a3^c>t-c>o«oc>c>c> 
+  1 
cMcorH   ric-NNcTomot-mwiot-WfjcocnininiOcojiHNto 

*3«  **•  cm   t-cococomc»)cMOiCT>coiflHcoiOt^'OaiioiDro^t.rjot- 
ooo  Hc!'aicno>ci>o>cococococot->o«3ininin^inc«t.3ooco 

<"H    r*H    r~i    i~H 

Sys.   Blocd 
Pressure 

bO 

as 

lflOino>NNCOWcOCOCD<.^fOiOO'i,OCO<O^HHlCrOH>0'i< 

cOrHOOioia>cocot-t-t'i>c>c->i)>ocoococooi(ncoio^)(a(Ot> 

Mrtri                                        -* 

OU«OOiMl<)C~COiOOit-^MCOia«COCTiN<0«<j'0<jiCOOOO 
CMM<31t-t-*NWt-lO^^HCOmNCOI>t-.OtOt-Oinini>rlfl 
HrlHHHHHHHHHrlHrlrlrlHHrlHHHHHrlHHH 

MOi.!tONMNNMNcjMMNiO^*in^HiOiOninmiOi*v^ 
OOOOOOOOOOOOOOOOOOOOOOOOOOOO 

1    HNNinmcntMiOcoN^ooN^inr^o^ODOOiONCMNnMCIi 

iHHHHHHNNWfonn^^^ifiioiotocacnc.c-c-wiom^ 
!••*,*••• • 

[   c>r^tr-t>i>c>-c>-c>-c>t>c>^c>c>c>t>c>c>c>-t>c>t~c>c>t>c>t-t> 

O 

bO 

^iomH'flri«Hoi«o)inocoNcoHricO'j'Oo<Jicoa>cnON 

***•..'•.     .......     .......,..,, 

W.iOiOiOm«JO>COt.cOC<-COCilOCOa>0>0>0>HinOHHHHNN 
J.J        ,-■                                                                                                                                       rHrHrHrHrHrHrHiHrH 

(OCTllOci5COC>OnvOlOCOrl<J>tnW1ON01rl<J<<Oo>^(31(»)r|t>.W 

looioio^NOioiiMOinitiano.TiHinHot-inNNcot-H    ^>a 

tOMn.lrONMNNNWHHrlHOOaiacOcKXOOiOOO 

HrHrH,-|,HrHcHrHrHr-fPHrHrHr-|,-|rHrHrH                                                                 rH    rH    rH 

CM 
O 

o 

a. 

bO 

^C^CXJ^ySr^^C^Cat^H^^rH^^rHrOrHOO^^H^CM^^HlO 
^(H  r-lH                 H  H  H  H  (»)  H   H  iM   N   «  ,M   N  N  H          rH   H  H   H   rH  CM   CM 

S2^^5S^S^2°^^^OTH^COMC>COcMcMHI>rHt>.-OCT> 

nn^HOOaicocot-t-iou^fl^iY)«)MHHrt«wn)n^^ 

HH    HH    rl    H 

OJ 

O 
o 

a 

•H 

CO 

cm 
OH 

cd    a 



*<OHOwnmt-cBON<l,,ocoo)ri.'oioioco        coomrorHcnco 

^OVCOVOO^CMCOCOrH^CXirH^^O^C^OCOvOOOOOOt-^OC-- 
CONMrlOOCncOCOC-WW^^^COMMH                          H  M   W    M   ^    <* 
H  H  rH  rH  rH  rH 

CD 

bO 

o 
u 

CMrHrHHrHHrHHrHrHrH                                                          r-,   w  n             ,   >j- 

19 


o 

o 


© 

.© 

05 


+  1 

© 
© 


CO 

u 
© 
-p 

1 
© 

u 

<sS 

a 

•H 

CO 

0) 

hO 
S3 
© 

O 


© 

3 

P 

•   -H 
P«rH 

CO     O4 

co    S 

en  -3 


*© 

•   o 

CU-H 
CQ     U 

CD     © 

a:  pi 


© 

■p 

CO 
© 


CO 
CM 
O 

o 

a 

•H 

CQ 
© 

S3 
© 

O 


O 
O 


pq 


© 

© 
©     © 

©   u 
•h  jt, 

a 


o  o 

o  u 

rH  3 

«  © 

© 

•  © 

©  U 

co 


©4 


O 


o 
o 

(V, 


a1 

Oh 
u  to 

3§ 


O 

o 


C\» 
© 
-P 
•H 

3 

3 


en 

rH 
O 

:-» 


00 
-p 
© 
o 
,0 


(<)CiiinO>(OC-CIlOr|W«^H 


C\J    NC)CMNiNtOO©fOnfOCO 

+  1 

■  •     •     ••••••••••* 

CM    .>J    N   M   IM   N    ^i   N   N    N   N   OJ   « 


t>-foiD^i©Hin^cocn©©^ 

•  #••••••••••• 

M    iH    rH    rH    rH    rH 

OOO'ft-^OOOOOcoOOC-C- 

•  •••••••••••• 

lOcJKfifl^HOtinHNHOCO 
^.-IrHrHrHrHrHCM^    CN2C\2CMrH 

nor)nnnni,)coii)ncin[<) 


a0 


c\joJoocNj^oot>cocr>^LncN2«3 

C-vOtr>vOvOlOC-OOa>OOrHrH 
rH  rH    H    rH    H 

vO^lDCMCOO^OO^OOO^OvOCT* 
•   •••••••••••• 

ID    <£>    C-    WmMOOWlOMrl 

oocoooa>tr>a>o>OOOOrHrH 


>0©oC-©HW0Dt-cnOinH 

«Dco«o*o>oc-c-c-ooa*oooj 

+  1  HHH 

<£>coroooc7»Lr)inOo30'O^J,co 
•     •••••••••••• 

H|OlOCOCO©rHt>CIlC^r|"1CO 
rlHHrlrlrlrlrlrlrlrlHrl 


'J 


•^0**OOOOOrH£2rHOrH 

0000000000000 

-r-l 

OpjOiOXlCO^HOC-WOin 

^f^KfOMNWNCMHHrlO 

•  •••••   #•••••• 

t~C-C-t>C-C~tf-C-tr-C-t>C-C~ 


rio>©<ot-o>a>M<o,oirtN© 

•  •••••••••••• 

CMHHHHHH«CMCMWNiM 
HHHHHHrlHHHHH 

HOiNOrlOarl^t-©'*^ 

•  •.4      •••••••••• 

CMCMCM^USlOOOOt-CTlrHrOt- 

HrlHHrHrlrlHHHCM^M 
HHHHHHHHHHrlHrl 


«3©^C'i,MCMN'.'Mn©ON.'0 

r^Tj«e-r^^iLf)Ocoot-QO«i<cio 
ininvot-oocoo^OrHrH^co^ 

HHHrlHH 


'O'J'WOcnMncOtMOrl^* 
•      •••••«•••••• 

^rlCOKIrlCO^WaKOOCniO 

lOUJlOt-tOMiJlOOrlN    CM    CO 

HHHHHH 


©CnOrlWM^fin^t-MWO 
rlHHHrlrlHHHHW 


to 


r° 

c- 

o 

© 

3 
© 
© 
© 
U 

a, 

o 
•H 

p 
© 

a 

o 
© 

,© 
© 

© 
U 

© 

a 
o 

© 
© 

CP 
rH 


o 

■iH 
P 

O 

© 
rH 

© 

S3 
©  ■ 
P4 


P 

•rH 

a 

3 


© 
to 


+> 

3 

a 

■p 

© 

eg 

o 
u 

.3 

•P 

•rl 


© 
■3 
•H 

O 

■H 
•© 

3 
O 

.© 

u 
a 

o 

>» 

5h 
O 
-P 

© 
J-c 
•rH 

© 
© 
(1 


n 

o 


CM 


O 

ro 


Based  on  average  barometric   pressure   of   737.1  nun  Hg. 
2 

1  unit   -  5  mm  pen  deflection                                                                                                                                                                                 o 
3 

Changes  in  respiratory  oxygen  with  constant   carbon  dioxide. 

i 

; 

•I 

H 

>i 

I 

CO 

a: 

•H; 

c! 

CD! 

bo 

>> 

K 

d 

o 

o 

•H 

•  *s 

> 

ol 

1 

(0 
<D 

3 

► 

H 
d 

CD 

B 

ft 

« 

.1 
CM 

"8 

i 

• 
to 

4-1 

a 

1 

CO 

(4 

CD 
-P 
CD 

3 

ft 

a 

•H 

CO 
CD 

cO 

a 
d 

J3 
O 

Resp. 
Araplitude_ 

1 

CM! 
3 

C~t-OOOt-C>t>C--C-t>t>-vOt>-t- 

C-    C- 

C-G0C0C0COCOt-c--C-C0 

CO 

■H 

Oromc«),*ifi^i'mo>wroooON 

«tfi    VD 

vjt'ijiinnti'OcnioiDH 

VO 

ioinmioininin>/iij<ioioin>oin 

en  m 

inmininmm«3«**,<<**' 

rf 

Resp. 

Period 

o 

CD 

CO 
CD 
l-H 
O 
>i 
O 

HHHHWH«ri«WHiM«n 

CO   CM 

CMcMCMrHCMCMCMCMCMOO 

00 

+  1 

C-<CJC-00<J>CT>OHrHrHCMrHOO 

O    rH 

OHrHOHOO<T>CT>CT> 

O 

HHHHHHNWNv>!««NN 

CM    CM 

Oi   CM    CM   CM   CM    CM    CM   rH   H   rH 

CM 
CM 

[  Heart  Rate 

a 
•h 

CQ 
CD 

Tj<«J<\t,00'nC0CT>C~HC7>O',*,Cr>t> 

CO    rH 

inoococMoocr><<ocMco 

co*i,inp-iOo>«3iM'<i,cMio<<in«3 

H   H          rHrHrHr-lr-lrHrHrH 

COI>ll'COr010Wr(rOt-lfiO>t-lO 

H  H 
O  »0 

t-C-C0C00DOC-OOC7> 
rHrHrHrHrHrHrHCMCMrH 

OiOC0HC0<<(0   0>^CO 

H 

CM 

Ot-^rHOoioor-iovoinc-cot- 

NC1<l<W(OMNN«HrlHOrl 
oooooooooooorooococooooooooo 

<i  co 

rH    rH 
00    CO 

cr>  co  cr>  cr>  o  c»  a?  va  c-  cr> 

OOOOOOOrHrHrH 
ooooooiooooooooorooo 

OO 
rH 
00 

Dias.   Blooc 
Pressure 

ram  Hg 

fflOt-owxitoinioooioDOO 

UO    «i< 

OCM^OC-OOrHGOC-C-^ 

CO 

rHHOrHrHOa>OOrH«OOrHH 
r-j   rH  rH  rH  rH   rH          rH  rH  rH          rH  rH   rH 

mW<OW^O>^lf)NOCMNO>d> 

a  o 

H  rH 

OO  C- 

Or-i<Dr^Or-tr-{r-{OC> 
rHrHrHrHrHr-frHHrHrH 

cooit-ococoNo»uia> 

O 
rH 

VO 

c-co<ot>a>oa>oocMrHoost<Oi-i 
mvoc-c»ococ~cococococococo 

ro  oo 

co  co 

OOOO^vOcMOOCr-CMOO^1 

cocococococococococo 

in 
oo 

3ys.  Blood 
Pressure 

bO 

co^^Oh^^oooicoochcij 

fr-   t~ 

t~mrH'*COO>C-C0C-rH 

CM 

rio>cncococococoo>cococ5>coa> 

rH 
-H 

(X>  co 

CM    <0 

cocos>^cocoa>cococo 

inONN«t>^O^W 

mo«NOcncot-iMni>t-t-io 
rH^^^^cooooooooooocooooo 

rHrHrHrHr-trHrHrHrHrHrHrHrHrH 

co  c- 

00   co 

rH    rH 

C0t>Q0Ot-t-O«3«i<^ 
CO   00    00    "^   00    00    00    00   00    OO 

in 

00 

ft 

r)WCMN«CONCOCOCO^<*inLn 

oooooooooooooo 

o  o 

^«tf<in«i<^f<^in<o%j<in 
oooooooooo 

O 

-f-l 

CONMrlOO>riHWWCOCONH 

iOinininin*ininifiinini/)inin 

O    rH 

in  m 

CMrH*=fCMrHCOCO0O0OO0 

LOininmininminmin 

CM 

in 

fc-t>C-fc-C»t-fc"-C--C-(>t-e-fc-t>- 

c-  e'- 

c-c-t-e-fr-c-t-e-t-t- 

e- 

CM 
O 

PL. 

bO 

<oco^t-ocoioifliinn<iii(iNO 

en  o 

oinioajoo^ooc" 

o 

wt"t-co<oioo>iMNcoMnoom 

,                                                 HrlrlHrlrlH 

co^cow^iot-cninoinoicoo 

t>   CO 
rH    H 

COWCO«iOCOC-^MO 
HCMrHCMCMCMCMcMOO'cJ' 

CM  CM   00  ^<  O  CO  CM  CO  <d*  in 

in 

OO 

ooooovovooOrHvov}<oocr>incMin 

mioMocnOHrin^^ioio^ 

rHrHrHrHrHrHrHHrH 

VO   CM 
O    CT> 
rH    rH 

OrH^fCOCnvOCMTlrHvi* 
HW^lOCncOCOO^lO 
CM  >.M   CM   CM  CM   00  00   •&  "tf*   •<*• 

rH 

a* 

CM 

CM 
O 
O 

bO 

OOiNNNiOiOCMC>t-inNOiCO 

O    CM 

inoOOcOOOrHOrH"*' 

rl.         rH   H    rH                   H 
H-l 

(omvowc-oi'CHCfiOMmco 

<H   H 

uo  vo 

rlH"           rH           r-\   r-i  rl   rt 

t-^coocnoco^HO 

^iO(Ot-t-t-iocoioin<Diainio 

vot-e-t-vomminmin 

uO 

00 

H 
^< 
VO 

CO 
CD 
bO 

a 

aj. 

o 

CM 

rH.       bO 

1 

(o<*coN<j<iot-cninoinaicoo 

t>(oc~«)iofOHlo<i,iy)«j(iOMin 
wioc-iaotOHriM^^inio* 

HHHHHHHrlH 

176.9 
192.4 

CMCMOOOOcncOCOfr-vO 

OrH^CMOOOO^HinvOC- 
rH  CM    **<COCMlOO<*COrM 

NcMwco^^uiminio 

CM 
O 

vs. 

^(OCOON^'OCOOW^'OOOO 
rH  rH    rH   rH    rH    CM    CM   CM   CM    CM    iO 

«*  00 
CO    00 

CMVOOCOCMOO^OCOcM 

^^ininioiot-cocoo^ 

C7» 

21 


3 

-P 


CD 
•H 
O 


a 

o 
.a 
P. 

cd 
o 

tw 

o 

C 
o 

•H 

■s 

•H 
Pi 

aS 
> 

u 
o 

CO 

o 
3 
rH 

> 
r-i 

a 
-p 

co 

a 

•rH 

Pi 

CO 


CO 
H 

oi 
in 


• 

• 

co 
+1 

§ 

CD 

CO 

Pi 

CO 

•p 

CD 

I 
3 

Pi 

•H 

CO 
CD 

bO 

a 

Pressure 

i 

O 

CM 

s 

oomc~winiON^ico 

cominoriH'J'omNo 

o>oicoi>iocowifiin<o 

4-1 

lOOiNOOt-COOiOO 

c~vo«>o>T>oint>Or-iin 

r-4           rH                  rH  rH 
C0CMa>rHt~rH"5i,'nc0Ot~ 

oooHoo^wAjina>voco 
c-*oc-  t-c-coo*cocj»a» 

cococoocncnt-o^^N 
a>cococnc-e--c-c-e-c-e- 

Resp, 
Amplitude 

CM 
!      CO 

■p 

•H 

t     OOCOtOW^HNCONO 

OrHrHCMCOCOcOCOCOCOCO 

i  +"l 

OHHffl<ontOHnO 

OH«OtOr|lfiC-0>HH 

:COCOCOCMCMCMrHrH            O 

O                 H  H  N   N  N  M   CO  CO 

Resp, 
Period 

4 O- 

1       ° 
CO 

> 

o 
H 

o 
>» 
o 

CONO^NincOO^CN 

WHOOinfl'#**m* 

t-mt—  o  o>  co  m  co  fo  cm 

rlHH                                            H 
NOt-COOi^iomcMCOW 

COlOCOCOCO^lrtCOM 

W   N  ^   CO  CO  co  CO  CO  «   CO 

CD 
-P 

-P 
Pi 

a 

CD 

a 

•rl 

.a 

CO 

•p 

at 

CD 

C-COrHOOa>C0<J3C000 

CT>'*}<v0C~u->cr»rH'<tf<a>«4<rH 

•^OiCO    CM    COrHrH   CM    ^O^S* 
rH            iHHHHrlrlHr: 

;   cr>OLO^^ic~t~r-fc>o> 

rHCO^COOCO-^COr^,-!^ 
HHH                            rHrHrHrHr-i 

■£>a>CT>CO^G>t>rHOOrH 

i    COH<000)0)HO*0 

:  coco<o<oiflinioto^^ 

;    CMCMCMCMCMCMCMCMCMCM 

^COrlC-H'OOt-mH'i' 

to^iot-t-^^ioiniom 

CMCMCMCMCMCMCMCMCMCMCM 

Dias,  Blooc 
Pressure 

fcj) 
1 

; co  c-  co'  o>-co"co'"co  i-f  o«  .m  c~  cm  *p  o  ^  a»  a>  jo.  ,-:  o 

moiioioint-iococot- 

4-1 

coHUNininiooiOBi 

cot-c^^^co^^^om 

H 
•^    CT>   lO    VO   CO    ^   CM   CO    !i>    (♦}    O 

incMt>O^CMC7iOvOrH 

HHHNHNHCJHr-l 
HHrtrHHHHHHr-; 

iOrimcnOr|°^>t*'COCO 
OrlHriNWHHdOO 
Hr-ir-ir-iHrAr-ir^.-ir^r-i 

Sys.  Blood 
Pressure 

£° 

d><?0^rfCO«rJ<in 

C-COHC-rlinincOCOcniO 

COmoOOrHHiHHO> 

rlrlrlHrlHH 
4- 1 
CONNN^fOiOiO^O 

a>CMOv0<Oinc000G0C-<O 
H    rH 

MiOOHW^OCOH^O 

^O^COCMVO^COC-H 
rHr-lr-liHrHrHrHHrH'H 

ulrl>0N*C~t-in(J"OO 
^LOtf><£>^OvOcO<OVOvOVL> 

HHrtrlHrlHHHriH 

J5 

S3 

OcOrHt-COCOcoCOCOCM 
rHOOOOOOOOO 

CO  CO   N  CO  N    W   N   CO  CO  CO   CO 

ooooooooooo 

; 

: 

-el 

OWOHNC-cnWBO 
CM    CM   CM    CO  CO   CO  CO   *  \}i   i/> 

c-c-t-c-e-ot-fr-c-c-- 

00rH*°Ht~cOrH»O<'CMO 

mio^ijicococowcsiwcj 

C-C--C-t>C~e-t-C-OOt- 

CM 
O 

bO 

CM    CO   lO   00   r+CM    rl«   C-H 

CM   CM  H  <P  r-l   Ti  r!  CI  U">  CM    CO 

CM  CM   r-t>c-i  H   CM   CM  CM   CM   CO 
-H 

^O»HNO>HC0COCMG0 

^i<CO^CO«CJ»Cn«D^H 

<j>o>o>a>cncDcocococo 

<1  CM  CM   rH  CM   rH   .M  CM  CM  CM   H 
•"^OC-COOOCOiOO.'Or-i 
C-  a>  co  uo  C~  ::-  tt»  O  O  rH  rH 

c-c~cocococoiiO>crtCfto» 

CM 

O 

o 
a. 

bO 

^cox^c-oocolooco 

vp    t>   COCOCOcOCMCMCMrH 
CMrHCMCOrHlOUOC-COO 

HHO^'Offl'i'lOOin 

<£>*fC-cMLnoa>c-co*ocM 

r|COrlNNCOCOCO<j"^CO 
N^tflCOCOCOHt-t-COtH 

co^cocooincocotocooj 

rHCMCMC0-^i^inm>O«3t> 

co 

CO 
CD 

bO 

a 
o 

CM 

o 
o 

rH      CM    fc? 

cOr-(covocy>iH'<^c-.a>cM 

vfCMO>C-<<rHCr><OcOrHCO 

o^t-omt-onioo 

COC-VOvOiO«^i<tf>cOCMCM 

COOLOCOOt-COOO-^O 
rHCMCMCO^i,'*in>£>^Ot-CO 

CM 
O 
O 

MrlOCncOC-iOirt^ro 
r-i  <-i  r-i 

^JCO^iniOC»COO>OrlN 
r-i  r-\  rH 

i 
I 

bO 


10 

« 

CO 
CM 

e» 

O 

© 
Pi 
3 
CO 
CO 
CO 
Pi 

o 

■H 

Pi 

-P 

? 
O 
Pi 

cd 

,0 

CD 

bO 
rS 

Pi 
CD 

5 

a 

o 

-d 

o 

CO 

sJ 

cq 


a 
o 

•H 
-P 
O 

CO 

a 

CO 

a 

CD 


m 


■p 

•H 
fl 

3 


a 

© 
bO 
>> 

O 


•P 

co 

a 

o 
o 

xi 

-p 

•H 


CO 

■n 

•rl 
X 
o 

•H 

a 
o 

Pt 

3 

o 

>» 

Pi 
O 

•8 

Pi 
•H 

Q* 
CO 
CO 

Pt 
a 

•iH 

CO 
CD 

bO 

a 

Si 

o 


rH      CM     CO 


22 

1 

rH     O 

woo»,oi»)*mo|flOHcOriOcnuicoco 

as    u 

o 

CO     D 

CV 

0001C)Hinn(J>rlOHWl>,nO(J>rln 

A     CO 

K 

rH    rH                     rH            iH             rlHH    H             rH   r-H            rH    rH 

O     CO 

-fl 

co  co 
u  u 

Eh   Ol. 

a 

u 

Oit-OH'*>OOI>WOO'tnifiOr|HiO 

*MO10)0>NOC0r|C0O'7lv0C0inHr|in 

t-cot>cot>cocx)c~cot-t>t~c>e-c-c-t-»o 

• 

CO 

•3 

CM 

l-l 

3 

■p 

CO 
+> 
•H 

COrOCOCOCOfOOO'ij'^^^^POCOfrjCO^OO 

4-1 

3 

•H 
U 

CO     C2, 

£3 

a 

3 

OrlNWC<)int'0(JlOrl01HNtOt>t>(») 

HHHHHHHWHN«HN«WNNn 

o 

co 

• 

H 
H 

•     O 

CO 

CO 

rHrH«OCJ>OCT>C>C~C--C-C~inLr)<<rH<,«OC\J 

■H  rH   rH  O  rH  rH 

3,-rH 

CO 

4-1 

3 

CO     S-. 
CD     O 
«    0« 

1-1 

o 

^•Ji'l'lMinifl^WOOiOt-COHOCJOicO 

m«j"inir)^oif>ini/)ir>ir>»i<^i<'i<'^'d<coc\20J 

g 

o 

CO 

^wco^^rocoiniomcoco^in^^^O 

, 

a 

H-> 

a 

•H 

■H 

.a 

iococ~>a)t~-t-coo>c!>oco*o,'i^,MOCo 

rlHHHHHHHHHNrlHH          H  rl 

a 

\ 

H-l 

CO 

to 

a 

CO 

td 

ifioOCO'^^NNC-HOt-^OOMCO'J'C- 

>» 

Nt-t-coococooooiooinoiMnoowo 

K 

*— ^. 

.2 

CO 

^,oioco<j|vi|vi,'ci<\t,'*miOin<oocoOH 

O 

• 

EC 

,o 

CMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCMCOOT) 

tH 

• 

■■•© 

c-co^^coioioot-cn^iflM        iocoh  O 

O 

CO 

o 

O    <D 

m^ininininiflininminflin        i^  h  ifl  >o 

s 

+1 

rH     V, 

rH 

o 

PP     3 

bO 

H-l 

• 

•H 

a 

CO 

■x, 

M^ioo^coi/)comrHioci)OcT>inincoirt 

CD 

+5 

a 

•     CO 

■3 

id 

CD 

CO     CO 

s 

«3cOCOC5>CT>O^^OO0»tOCOC-^-C-l^-O^l, 

•3 

•H 

a 

3    ;_, 

s 

HrlHrlrlNNMNHHrlHrlHOO® 

X 

U 
aS 

^-^ 

•rl  ft, 

HHHrlHrlHHrldHHHHHHH 

O 

•H 
-3 

> 

CO 

U 

O     CO 

ulH'OOOiCO^'OiO^^iOOcOfOWiflfO 

tf 

h 

cooococoa>c>cot>coMcot>coi>cot-t>H 

3 

O 

+> 

o   u 

r-i 

0 

«H 

CD 

rH     3 

W3 

+1 

i 

,Q 

CO 

(3 

CQ    co 

CO 

»-** 

incioc\2a>cO'i,GO'tf'irtcoc\iy3C--a><ooo3  0 

S 

o 

H 

•   co 

p 

O^nrrtiniot-io^onNririinoo 

in 

O 

3 

3 

CO     I-l 

s 

io<cuictaioiaiotoiatototf><>)ts>ninin 

• 

■3 

> 

a, 
a 

CO 

rHrHrHrHrHrHrHrHrHrHrHrHrHrHrHrHrHrH 

CO 
CM 
E'- 

Cf$ 

•rl 

O^^^^^^^f^riirii^^^^^invO 

CO 

rH 
S3 

CO 

oooooooooooooooooo 

en 
O 

CO 

H-l 

3 
0 

3 

bO 

M-l 

coanfioocofflc-ioioi/ioioiot-ioinco 

CO 

0 

CD 

s 

Pi 

conn^^roncoirifOfoconioconfom 

u 

a 

•H 

3 

Xi 

o 

t>t>t>i>c>t>c>-c>-r~t>c~c>c-c--c--c>c>t-- 

3 

CO 
CO 
CD 

u 

C~O^OCOCr-'>*CNJr01-|1-icOrH(.N2t-^(j>C--oo 

3 

bO 

oococot>coio^j*^iO'*cMCMcNj»nc\jt'>Jc>j^i< 

p. 

3 
CD 

xc 

+|                          rH           rH 

o 

3 

to 

■H 

o 

£. 

• 

O 

i 

w^t-o^cococr>t-ijawcoLr)cr»t-'i,a»inc\jro 

(4 

-p 
Q 

•H 
-P 
O 

0 

^,C><0<ii'M<tOllMinC0NniOMOrl'OH 

• 

a. 

rOr||J,t-<OolHrlOO>o>COt>iOi/5^(000 

a 

CD 

t» 

i-l 

MNHrlHrlHHH 

o 

rH 

u 

f_l 

C,H 

0 

0] 

Ot-oioiHcoaicoiot-txoo^toint-o 

3 

CO 
■3 

bO 

u 

►3 

CO  M  MWC»JcMWMCnMCMMCOCMCMCMNt> 

o 

C 

•H 

CM 

-rl 

U) 

o 

04 

O 

a 

cnOinot-t-t-o,ocot-ocMt-coo|Of) 

cd 

ft 

co 

O 

a 

l< 

CO 

A. 

OincocOCMCMC\JCiQC\JCMOOCO%MPOcM«tfl'tf'fc-- 

CD 

i 

h 

.'oocoonirorafoi'incoffjofonfi^co 

§ 

CO 

rH              b0 

(X)CMJiOOrl1Orlt-Nt>«COfOa)^cn'4" 

en 

a 

•H 

r            ZIh 

3 

11 

CO 

?    «*-, 

<0(nM»001NCOUlHCO«l'r|t-,*'05-.-»)0 

o 

CO 

<D 

mocoinn)00t-i0\i<i')«03>ff),i)io* 

-r> 

CD 

W) 

tOCONNNUHHHHHHH 

13 
CO 

•H 
3 

b3 

Co 

CO 

3 

G3 

x 

aS 

3 

o 

CM 

o 

OiOMCOifOfflO^NOCOiO^iMOCOiO'' 

« 

rH 

O 

CM 

o 

VS. 

vs. 

in**K)C<)cow«M«WHrlrlHrl 

H 

CM 

ir> 

23 

'(lrlOW'*OOHWt-inOr|CT>'<l't1^t-0 

r-l    a> 

o 

td   5* 

CM 

0DCOCOC^00COa)COC0C»C7»CJ>a>C0CMCOCMiOin 

©   3 

K 

H        i-l        H 

si   oi 

+1 

o    w 

e 

HOoint-NONnN«j|'i,iooOr|W',icot- 

cc!    © 

o 

$-.     '- 

conOHOt-c-mririiO(JiinNioo>oHin 

• 

H  iU 

ii}e-c--e-c-ioioioiot--t~ioici<£>c-t-c-c— m 

CM 



- 

!-• 

© 

<0 

XI 

NJ 

coo>cy>a>cM  oo>coowcnOOrlcONa>rHCO 

■H 

3 

CO 

U 

p 

-p 

r-l    r-l                    H                   HHrl            HHH« 

H 

•  -rl 

•rl 

+-| 

CC-H 

3  • 

^KHOl0011C10(OOON<ll^IO*00'i,NW 

a   o. 

3 

o  g 

HHrlHiHHWplNWNNWNNC)l»)<Jiin 

• 
H 
H 

a:  «3 

o 

© 

>» 

CO 

n 

•3 

v^ 

<oto*jiin^}<*ji<o.tfi<d*T}<in<o^J,'i,oo«4«cMC\}"* 

3 

•  o 

CO 

p 

3,-H 

© 

+  1 

en 

CQ     U 

o   o 

r-l 

o 

rltOr|01lOm'0^,M>'>C~COOO^H<#CO* 

C 

cC  P-, 

>> 

miriin<''!i<^''*^^f'C<^^'«J<<<cr>rocMr-|tM 

•rl 
3 

o 

©-  ■    ' 
-p 

t~CT><M«OCMH<O"*<£>i^lC>CMa>O0000a>»OO 

o 

a) 

s 

•    •••••••••*•••••••• 

bO 

m 

•rl 

nn<fif)t-t-ioi>Mncot-t>t-(Oifloot-(M 

>> 

a 

rl,rlHrtHr)Hr<rlHNHrHHrtHH«    r-l 

X 

• 

\ 

+  1 

o 

^^ 

-p 
u 

to* 

p 

N(Dinmcocooc>     .lot-oooriNNono 

«M 

• 

a) 

5 

OlOrimmiOrtmrlt-fflt-OlCONn^tflN 

o 

• 

© 

© 
.a 

CMCMCMCMCMCMCMCMCMcMCMCMCMCMCMCMCOOOCM 

a 
o 

CO 

'   T) 

•H 

+  1 

O 

o    © 
i-l    S-. 

CT>t-icN2invocr>cM<xicr>t-a><ooeMc,ov3'*,tot> 

-P 

a! 

S3 

pocococoMco^^coin^^^^^M'comt- 

• 

•rl 

td 

cq   3 

bO 

+  1 

© 

S-4 

o 

CO 

SC 

rHiow^fincoi-cowrH^ooocotoiot-io 

"3 

<d 

^ 

•     0J 

•rl 

> 

0)    © 
W     U 

| 

wc~in«)coiomM"J|NOt-io(ONto'Oin^ 

HHHHHHrlHrlHHOOOOO>0>ON 

o 

*-« 

03 

•rl   Oh 

rHr-lr-Ir-lr-lr-lr-lr-lr-Ir-lr-lr-lr-IrHH                   rl   H 

•H 

o 

U 
© 

Q 

• 
bO 

-d 

P 

■O 

CM    C-IONrl,),'i'NC-CO(MCOOn<OfflrlOrl 

£ 

3 

05 

<D 

o    © 

o 

© 

g 

o    u 

t-ioio>o^<oioiot-<ocot~t>t-io>ot--(j>in 

g 

fit 

3 

CO 

H    3 

&P 

,    .                                                                                                                                          ^ 

§ 

0J 

* 

u 

«    to 

w 

+  1 

a 

01 

M    vOC0«*t~O>^,CMC-^C0^CM^Or-lrH'44COt- 

in 

o 

> 

Pi 

•   © 

g 

• 

CO    u 

rlrHrlOi«CDHt>rH'tmNH<,>b-CftOt-iO 

00 

p 

rH 

s 

>»(JLl 

iOio«jtfi*ioioin<oinmini/)ui'ii^'Ti<inN 

CM 

& 

03 

•rl 
01 

to 

rlHHrlrlrlrlrlrlH^H^rJ^^rl^fl 

t> 

trf 
-p 
to 

POWCOtOMtOOtoncOncOOCOirjCOOONlfl 

© 

CO 

ooooooooooooooooooo 

o 

3 

2 

bO 

o 

•rl 

3 

4-1 

© 

CJ 

Sh 

3 

K 

ioa»ait>cr>a>a>a>cr>cr>cT«(J>cr>cocot--ro'*<o 

Sh 

© 

,3 

Ot 

CO«(OfOC»)COCO[r)COCOCOnfOMf1CO(»)fOC) 

3 

^c; 

a, 

o 

CO 

■p 

rl 

oc~c~t-t>c-t>c~t-fr-c-t-c-ot>c--e-i>t- 

to 
© 
u 

•rl 

3 

Q« 

3 

• 

CM    OCT»COCO<-'crj«3r-|a><OCT>cncOC7>COt>-inrH 

a 

© 

in 

o 

o 

bO 

to 

t-.a*  C-COiOmm^^COOlMWcMHrlHHrH 

•H 

•H 

t*» 

© 

K 

-4-| 

J-. 

•P 

K 

r-l 

CM 

<i>    VOrHirit-C^O^r^^CTl^CJit-OCJlCMe-^OO 

p 

o 

O 

nQ 

O 

a 

© 

© 

CJ 

a. 

g 

r-l    NNNaxjllOO^mt-OOrlinOTrOCOfr-X 

s 

H 

b, 

H 

CM    OCOOCOCMHrHOaiCOt-C-iOin^rOCMr-l    ' 

CM    :MHrlHHrlHH 

o 
u 

as 

© 
T3 

(4 

O 
-P 

tO 

00>COrlCO>OC«t-Ot-OCOOC-t»|0<OWN 

3. 

u 

bO 

© 

© 

•H 

MrHHNrirlrlrlWHlMHMHrlHrinO) 

bO 

P< 

P* 

CM 

H    ' 

01 

to 

O 

1 

+  1 

u 

g 

© 

o 

la^oDrionHO'aioioioinoinoiOrHin 

© 

g 

(4 

ft. 

fiPifococoioooncii'lcofifKOonMmlY)    ; 

5 

s 

in 
n 

3 
•H 

CO 

01 

r-l          bO 

cooioiOOH'°rii>wt-D)co(o(o*oi^in 

o 

CO 

© 
bO 

©  cv 

>  O  w 

<j3cj>cm  ,£>a>cMcoi^irHCO^,r-lt-^fOt-no«>' 

TJ 

•p 

© 

to 

c 

CO   O   CO   m  tM    O  O  t-   O   ^"  fO  CM   O  0»  CO   U3   in  <^<  C>1 

© 

c-* 

o 

at 
*-• 

s 

nnNNWWHHHrlHrlrl 

CO 

ctt 

3 

r-H 

CM 

CM 

.. 

H 

CM 

ro 

O 

O 

Oi0CMC0<#Oa0<O^.MOC0<O*l«CMOC0<0<tf« 

• 

. 

in**nnMM«NlMl\lrlrlrlrlH                             1 

\ 

o\ 

! 

24 


150- 
J 


100 


J 


-t       D) 

X 

- 

E 
1      E 


50 


^ 


j 
\ 

0-L 


If 


150 


00 

uj 

<  100 -i 
> 

i 


-     u> 

X 


1 


E 
E 


CN 


<     50- 

770 


7.50 


7.30 


x 

Q. 


C02  mmHg  120  80,  40  0  40  80  120 


RESPIRATORY  CARBON  DIOXIDE 
Figo  5.     Study  I,  Part  A.     Effect  of  variation  in  respired  Pc0 
on  arterial  PC02,  i?02»  and  pH.     Although  the  P<>2  of  the  gas       2 
mixture  was  constant,  at  18%  02   (121  ma  Hg  Po2>,  the  arterial 
P02  was  found  to  decrease  as  PCO2  decreased. 
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Fig.  6.  Study  II,  Part  A.  Effect  of  variation  in  respired  Pco^ 
on  arterial  PC02,  P02.  and  pH.  Constant  Po2  in  gas  mixture 
(20%  O2)  =  133  mm  Hg. 
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Per  Cent  C02  in  Gas  Mixture 

Pig»  7.  Comparison  of  Pc02  *n  Sas  fixtures  with  obtained  arterial 
PC02»  The  arterial  PC02  was  greater  than  the  gas  mixture  PC02 
the  lower  carbon  dioxide  tensions*  The  difference  was  greater  in 
Study  I  than  in  Study  II. 
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Therefore,  a  lower  PGCg  reading  might  have  been  obtained  if  a  longer  time  had 
been  allowed  before  taking  the  reading.  Second,  the  bird  is  producing  a  cer- 
tain amount  of  CO2  as  a  result  cf  metabolic  processes.  This  endogenous  carbon 
dioxide  may  account  for  part  of  the  difference  between  the  ?c&>   of  the  gas 
mixture  and  the  arterial  Pco„»  However,  it  would  also  be  expected  that  endo- 
genous carbon  dioxide  would  give  an  increased  arterial  Pco2  at  higher  gas  mix- 
ture PCq2  levels.  But,  since  the  Fqq2  electrode  responds  logarithmically  and 
the  pen  deflection  is  much  less  for  a  unit  Pco2  at  higher  levels,  the  small 
difference  between  gas  mixture  Pqq2  and  arterial  Pcp2  probably  can  not  be  de- 
tected. 

There  is  a  third  possible  explanation  for  the  difference  between  arterial 
PC02  and  gas  mixture  PC02  at  low  levels  being  greater  in  Study  I  than  in  Study 
II.  This  stems  from  the  fact  that  the  initial  carbon  dioxide  tensions  in  the 
experiment  were  higher  in  Study  I  (20jQ  than  in  Study  II  (12$.  Thus,  there 
co-old  be  a  greater  amount  of  combined  carbon  dioxide  in  the  blood  due  to  buf- 
fering of  the  initial  high  levels,  which  would  be  released  at  the  lower  carbon 
dioxide  tensions.  That  the  amount  of  combined  carbon  dioxide  was  higher  in 
Study  I  than  in  Study  H  can  be  determined  from  the  experimental  PH  determina- 
tions. The  pK  is  related  to  the  ratic  of  combined  G02  to  free  C02  in  the  plasma 

by  the  equation;  pH  =  pIC  ♦  log  SSmbingd.^   Helbacka  e   al.  (1964)  have 

iree  OOo  ——  *""" 

determined  the  relationship  of  pit •  to  pH  in  the  chicken.  The  pX»  increases  as 

the  pH  decreases.  The  ratio  of  combined  to  free  CQ?  for  selected  percentages 

of  carbon  dioxide  is  compared  for  Study  I  and  Study  II  in  Table  6. 


Table  6.  Ratio  of  combined  C02  to  free  C02  with  variation  in 
PCC2  compared  for  Study  I  and  Study  II.  Values  for 
pK'  from  Kelbacka  et  al.,  (1964). 


Study  I                                                                Study  11 

Per  Gent 

Diff.1 

Average 
pH 

pK' 

combined  CO2 

Per  Cent 
C02 

Diff.l 

Average 
pH 

pK ' 

corabt  SOa 

C02 

free  GO2 

free  CO2 

12 
6 
2 

3.1 
10.4 
13.8 

7.28 
7.45 
7.68 

6.10 
6.09 
6.08 

15.1 
20*1 

40:1 

12 
6 
2 

0.4 
4.1 
4.8 

7.26 
7.39 
7.58 

6.10 
6.09 
6.08 

15:1 
18:1 
30:1 

arterial  ?CQ  —  respiratory  gas  Pqq 


From  this  table  it  can  be  seen  that  the  amount  of  combined  GO2  to  be 
eliminated  at  low  carbon  dioxide  levels  was  greater  in  Study  I  than  in  Study 
II.  Thus,  the  arterial  PGq2  at  low  carbon  dioxide  levels  seems  to  have  been 
influenced  by  the  previous  experimental  conditions. 

The  changes  which  occurred  in  pH  with  variation  in  PCq2  also  tend  to 
show  that  there  may  have  been  more  combined  CO2  involved  in  Study  I  than  in 
Study  II.  The  pH  values  were  generally  higher  in  Study  I  when  compared  v/ith 
those  in  Study  II.  In  general,  both  studies  showed  a  decrease  in  values  for 
pH  with  increased  respiratory  Pco2»  The  average  of  pK  values  obtained  at 
levels  of  5#  C02  with  18-20^  02  was  7.46,  when  combining  both  studies. 

Although  the  Pq2  of  the  gas  mixture  was  held  constant  during  the  changes 
in  PC02>  the  arterial  P02  showed  definite  variation  (Figs.  5  and  6).  The 
arterial  Pq2  decreased  as  the  arterial  ?G0  decreased.  The  arterial  Pc 
decreased  from  about  130  mm.  Kg  at  20?,  CO.  (136  mm.  Hg.  ?C(y  )   to  120  mm.  Hg 
at  12?;  C02  (62  mm.  Kg  P^)  and  to  85  mm.  Hg  at  Q%   G02  in  Study  I.  In  Study 
II  the  range  was  from  about  90  mm.  Kg  P^  at  12%  C02  (SI  mm.  Hg  PC02)  to  77 
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mm.  Hg  at  2%  COg  (13  mm.  Hg  ?C02).  The  arterial  P^  during  variation  in  ?co 
was  generally  higher  in  Study  I  than  in  Study  II.  The  occurrence  of  changes 
in  Pq2  during  variation  in  Pcc,2  will  be  discussed  in  connection  with  tracheal 
pressure  changes* 

Effect  of  Variation  in  Respiratory  Pq2  with 
Constant  ?C02  on  Arterial  PQ  ,  PCCo.,  and  pK 

The  effect  of  variation  in  oxygen  tension  of  the  respiratory  gas  mixture 
on  arterial  PC02,  P02,  and  pH  is  shown  in  Figs.  8,  9,  and  10.  The  variabil- 
ity of  arterial  P^  tended  to  increase  with  the  increase  in  P02. 

Although  arterial  P02  increased  with  the  increase  in  respiratory  oxygen 

tensions,  the  divergence  between  the  two  is  notable.  The  upper  part  of  Fig. 

11  presents  a  direct  comparison  of  the  P02  of  the  gas  mixture  and  the  obtained 

arterial  P^.  The  average  P^  of  the  gas  mixtures  for  Study  I  and  Study  II 

are  slightly  different  due  to  the  different  average  barometric  pressures, 

737.1  mm.  Hg  and  728.5  mm.  Hg  respectively.  The  difference  between  the  P^ 

°2 
of  the  gas  mixture  and  the  arterial  blood  increases  as  the  Pq2  is  increased. 

At  5C#  02  the  difference  was  about  100  mm.  Hg.  At  low  oxygen  tensions  the 

difference  was  smaller.  In  Study  II  the  arterial  Pq2  was  lower  than  expected 

at  the  low  oxygen  tensions?  while  in  Study  I  the  arterial  PQ  was  higher  than 

expected.  The  arterial  values  for  F^   in  Study  I  were  comparatively  higher 

than  in  Study  II,  especially  at  levels  below  30%  Cfc. 

The  lower  part  of  Fig.  11  shows  directly  the  differences  between  P„  in 

°2 
the  gas  mixture  and  the  arterial  P02.  The  differences  are  expressed  as  the  gas 

mixture  Fq^  arterial  blood  P^.  Thus,  a  negative  value  was  obtained  for  the 

arterial  P02  values  below  18g  in  Study  I.  The  theoretical  difference  curve 
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Fig.  9.  Study  II,  Part  B  (Trial  1).  Effect  of  variation  in 
respired  PQ2  on  arterial  P02,  PCO2,  and  pH.  Constant  Po2  in 
gas  mixture  »  33  mm  Hg.  Pq2  was  lowered  from  high  levels  to 
low  levels. 
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Fig.  10.  Study  II,  Part  B  (Trial  2).  Effect  of  variation  in 
respired  Po2  on  arterial  Po2,  PC02,  and  pH.  Constant  Pco2  in 
gas  mixture  =  33  ma  Kg.  p02  waS  lowered  from  high  levels  to 
low  levels. 
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Fig.  11.     Comparison  of  Po2  in  gas  mixture   and  in  arterial'blood  and" 
their  differences  with  per  cent  02  in  gas  mixture.     Uoper  part:     Com- 
parison of  the  respiratory  and  the  arterial  P02  with  the  per  cent   02 
in  tne  gas  mixture.     Lower  part:     Comparison  of  differences  between 
gas  mixture  and  arterial  P02  with  Pe*"  cent  02   in  gas  mixture.     See 
text  for  full  explanation  for  theoretical  curve. 


is  adapted  from  Rahn  and  Fahri  (1964).  This  curve  represents  the  sum  of  the 
effects  of  the  three  factors,  which  have  been  used  by  investigators  in  explain- 
ing the  differences  found  between  arterial  PQ  and  alveolar  ?0  .  They  are 
(1)  the  diffusion  factor,  (2)   the  ventilation- perfusion  factor,  and  (3)  the 
venous  admixture  factor.  Differences  due  to  the  diffusion  and  ventilation- 
perfusion  factor  are  usually  not  large  except  in  disease.  The  venous  admixture 
fact  or i.  however ,  theoretically  increases  with  increasing  PQ  .  The  addition  of 
a  small  quantity  of  venous  blood  from  the  bronchial  circulation  and  from  shuts 
within  the  lung  to  the  oxygenated  blood  in  the  pulmonary  vein  has  a  greater 
effect  in  reducing  P^  at  the  higher  oxygen  tensions  due  to  the  flat  shape  of 
the  oxyhemoglobin  dissociation  curve  at  these  higher  oxygen  tensions  (Rossier 
et  al.,  1960).  The  air  capillary  P^  -  arterial  Pq2  differences  in  Study  I 
and  Study  II  at  the  higher  oxygen  tensions  were  even  greater  than  might  be 
expected  from  this  theoretical  curve  and  appear  to  be  only  partly  explained  by 
these  factors  (Fig.  11),  assuming  that  they  may  be  applied  to  the  chicken. 
It  is  possible  that  the  nucleated  red  blood  cells  of  the  chicken  utilize 
enough  oxygen  to  decrease  the  arterial  oxygen  tension  somewhat.  However,  a 
more  plausible  explanation  for  the  difference  in  oxygen  tension,  involves  the 
measurement  of  the  oxygen  tension  with  the  ?Qz   electrode.  Very  recent  work 
by  Dr.  Richard  Boster  in  this  laboratory  (  unpublished  data)  shows  that  the 
electrodes  do  not  produce  the  same  magnitude  of  current  change  and  hence  the 
same  magnitude  of  recorder  pen  deflection  when  calibrated  with  gases  at  a 
given  tension  as  when  calibrated  with  liquids  equilibrated  with  gases  at 
this  tension.  The  equilibrated  liquid  will  yield  about  20-25>i  less  electrode 
response  than  the  gas  at  high  gas  Po2  values  (500-550  mm.  Kg).  If  the  venous 
admixture  factor  and  the  electrode  calibration  factor  are  taken  into  account, 
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the  measured  arterial  PQ     is  very  comparable  to  the  P~     in  the  respiratory  gas. 

The  respiratory  carbon  dioxide  tensions  were  kept  constant  during  varia- 
tion in  oxygen  tensions.     In  general,  there  tended  to  be  little  change  in  ar- 
terial pH  and  in  arterial  PC02  with  changes  in  oxygen  tension  (Figs.  8,9,  and 
10^    The  arterial  Pqq2  was  slightly  reduced  at  the  beginning  in  Study  I 
(Fig. 8)  with  the  initially  low  P^.     This  lowering  of  P^v/as  not  noticed  in 
Study  II,  where  the  low  Pq2  levels  were  approached  gradually.     The  valuos  for 
pH  and  Pcc2in  Study  I  v/ere  slightly  higher  than  in  Study  II.     Also  the  PCO2  of 
the  arterial  blood  in  Study  I  (Fig.  8)  was  about  10  mm.  Hg  higher  than  in  the 
gas  mixture.     Arterial  PCC2  was  quite  close  to  the  Fqq2  of  the  gas  mixture  in 

Study  II  (Fig.  9  and  10).     A  possible  explanation  for  the  higher   dH  and  ?rnn 

^"-2 

in  Study  I  may  be  because  the  combined  carbon  dioxide  was  higher  in  Study  I  at 
the  lower  carbon  dioxide  levels.  The  study  of  variation  in  Pco  (Fig. 5)  pre- 
ceded the  study  of  variation  in  PQr  in  the  experimental  procedure.  The  higher 
pH  values  obtained  in  the  later  oxygen  studies  indicate  that  there  was  still 
excess  combined  C02.  In  the  presence  of  normal  carbon  dioxide  tensions  in 
the  lungs,  the  excess  combined  G02  would  be  released  and  then  the  arterial 
?C0«-  v/ould  b®  higher  than  expected. 

Effect  of  Variation  in  Carbon  Dioxide  Tensions 
on  Blood  Pressure,  Heart  Rate,  Respiratory  Per- 
iod, Respiratory  Amplitude,  and  Tracheal  Pressure 

Blood  Pressure  and  Heart  Rate.  Blood  pressure  and  heart  rate  decreased 
with  decreasing  carbon  dioxide  tensions  (Figs.  12  and  13).  This  decrease  was 
more  apparent  in  Study  I  (Fig.  12),  in  which  the  respired  carbon  dioxide  was 
decreased  to  0£.  The  greatest  change  in  blood  pressure  occurred  at  about  the 
same  carbon  dioxide  tensions  at  which  respiratory  movements  ceased. 
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RESPIRATORY   CARBON    DIOXIDE 
Fig.  12.     Study  I,  Part  A.     Effect  of  variation  in  respired  Vqq2 
on  blood  pressure,  heart  rate,   respiratory  amplitude,   and  respira- 
tory period. 
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RESPIRATORY  CARBON  DIOXIDE 
Fig.  13.  Study  II,  Part  A.  Effect  of  variation  in  respired  Pc02 
on  blood  pressure,  tracheal  pressure,  heart  rate,  respiratory 
period,  and  respiratory  amplitude. 
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Heart  rate  was  generally  higher  during  changes  in  Pcc  in  Study  I  t) 
in  Study  II  (Figs.  12  and  13).  This  higher  heart  rate  might  possibly  have 
been  due  to  the  higher  concentration  of  carbon  dioxide,  since  carbon  dioxide 
seems  to  have  a  stimulating  effect  on  the  heart  (Dukes,  1955).  Heart  rate 
also  tended  to  be  higher  after  respiratory  movements  were  resumed  than  before 
they  ceased. 

Variation  in  oxygen  tensions  did  not  produce  any  appreciable  changes  in 
blood  pressure  and  heart  rate  except  at  low  oxygen  tensions  (Figs.  14,  15, 
and  16).  In  Study  I  (Fig.  14),  there  was  a  slight  increase  in  heart  rate 
during  hypoxic  conditions j  while  in  Study  II  (Figs.  15  and  16),  the  heart 
rate  showed  a  definite  increase,  starting  at  about  14$  Ogj  to  around  50 
beats/rain  at  8%  03.   ^Heart  rate  in  the  mammal  is  also  generally  found  to 
increase  during  hypoxic  conditions  (Korner,  1959). 

Blood  pressure  during  hypoxia  tended  to  decrease  and  show  an  increased 
pulse  pressure  ^Figs.  14,  15,  and  16).  Carrier  et  al.  (1964)  have  shown  that 
the  local  effect  of  hypoxia  on  isolated  vessels  is  vasodilation,  ".hile  an 
increase  in  only  heart  rate  or  an  increase  in  only  cardiac  output  would  tend 
to  increase  blood  pressure,  a  decrease  in  peripheral  resistance  would  tend  to 
decrease  blood  pressure  and  an  increase  in  viscosity  ^which  may  occur  during 
low  oxygen  or  high  carbon  dioxide)  will  tend  to  produce  dilation  of  vessels 
(Best  and  Taylor,  1961).  It  would  appear  that  the  decrease  in  blood  pressure 
which  occurred  during  hypoxia  indicates  the  presence  of  peripheral  vasodi- 
lation. 

The  average  blood  pressure  of  the  birds  was  lower  in  Study  I  than  in 
Study  II  during  the  variation  in  oxygen  tension  (Figs.  14,  15,  and  16).  This 
may  have  been  due  to  vasodilation  produced  by  the  initial  hypoxia  in  Study  I. 
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^i££i£S*2£Z  PQriod  a^d  Respiratory  .Juplitude.  As  carbon  dioxide  tensions 
decreased  in  Study  I  and  Study  II,  the  respiratory  period  (seconds/respira- 
tion) increased  and  the  respiratory  amplitude  decreased  (Figs.  12  and  13). 
Respiratory  movements  usually  ceased  at  around  4$  C02.  A   few  birds  showed 
slight  respiratory  movements  at  lower  percentages  of  GO2,  which  accounts  for 
the  fact  that  these  averages  are  not  quite  zero.  Respiratory  amplitude  was 
measured  in  terms  of  mm.  of  pen  deflection  with  the  recorder  at  &  constant 
gain  setting.  Zero  drift  occurred  between  experiments  so  that  direct  compar- 
isons between  birds  could  be  made.  The  magnitude  of  the  pen  deflection  was  a 
direct  reflection  of  the  magnitude  of  sternal  movements.  The  data  were  trans- 
formed for  presentation  in  the  Figures  so  that  5  mm.  pen  deflection  is  equal 
to  1  unit.  The  respiratory  amplitude  increased  with  increasing  carbon  dioxide 
levels  (Fig.  12  and  13).  It  has  been  shown  for  mammals  that  there  is  an  in- 
creased ventilatory  response  to  carbon  dioxide  up  to  levels  of  12/..  Above 
these  levels,  the  respiratory  response  decreases  and  carbon  dioxide  tends  to 
act  more  and  more  as  an  anesthetic  (Dripps  and  Comroe,  1947).  A  decrease  in 
respiratory  response  to  carbon  dioxide  levels  above  12$  was  not  found  to  occur 
in  the  chicken.  Respiratory  amplitude  tended  to  level  off  at  about  14%  C02. 
Furthermore,  changes  in  tension  at  the  higher  levels  of  carbon  dioxide  tended 
to  result  in  an  excitatory  motor  response  in  the  chicken  even  though  the  level 
of  anesthesia  was  adequate  at  the  lower  C02  levels.  These  data  indicate  that 
these  high  levels  of  C02  do  not  produce  as  much  central  depression  in  the 
chicken  as  in  mammals.  The  leveling  off  of  respiratory  amplitude  at  these 
high  C02  levels  may  indicate  that  the  bird  was  simply  not  physically  capable 
of  breathing  any  deeper  and  that  maximum  respiratory  movements  were  produced 
by  levels  of  about  14%  respired  C02. 
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^s  Pqo?  v/as  increased,  there  was  little  change  in  respiratory  period 
except  at  lov;  carbon  dioxide  tensions  (Figs.  12  and  13).  The  respiratory 
period  v/as  greatly  lengthened  before  respiratory  movements  ceased  at  low  COg 
tensions,  with  the  respiratory  period  (sec ./cycle)  approaching  infinity.  The 
respiratory  period  tended  to  level  off  at  about  5%  C02  in  Study  I  and  about 
7%  in  Study  II.  Thus,  the  higher  levels  of  respired  C02  did  not  act  to 
decrease  respiratory  period  or  conversely  to  increase  respiratory  rate. 

With  decreasing  oxygen  tensions  during  Study  II,  the  respiratory  ampli- 
tude gradually  increased  and  the  respiratory  period  gradually  decreased 
(Figs.  15  and  16).  During  oxygen  changes  in  Study  I,  respiratory  amplitude 
showed  little  change,  but  respiratory  period  was  slightly  decreased  during 
hypoxic  conditions  (Fig.  14).  However,  the  respiratory  amplitude  was  higher 
in  Study  I  than  in  Study  II.  Since  increases  in  respired  ?q0?  act  primarily 
to  increase  respiratory  amplitude  and  since  the  concentration  of  carbon  diox- 
ide was  higher  during  the  variation  of  oxygen  in  Study  I  than  in  Study  II,  the 
generally  higher  amplitude  in  Study  I  may  have  been  due  to  the  elevated 
amount  of  carbon  dioxide  present. 

Tracheal  Pressure.  Tracheal  pressure,  measured  in  Study  II,  showed  an 
increase  at  lov/  carbon  dioxide  levels  (Fig.  13).  The  greatest  change  in 
tracheal  pressure  occurred  when  respired  carbon  dioxide  was  below  8%* 

Unfortunately  a  simple  measurement  of  tracheal  pressure  does  not  differ- 
entiate between  the  possible  causes  of  changes  in  this  variable.  An  increase 
in  tracheal  pressure  could  be  due  to  bronchoconstriction  or  due  to  changes  in 
pulmonary  vasculature.  Other  investigators  have  found  that  the  increase  in 
tracheal  pressure  is  produced  by  changes  in  the  air  passageways  in  the  lung. 
An  increase  in  airway  resistance  v/as  found  in  the  dog  (anesthetized  with 
pentobarbital)  under  conditions  of  decreased  carbon  dioxide  levels  in  the 
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blood   (Sevsringhaus  et  al.,   1961).  This  effect  v/as  reversed  with  6/.  C02> 
isoproterenol,   or  100$  Ng.     It  has  been  reported  that   inhalation  of  10-12$ 
O2  or  5  to  8%  CO2,  or  stimulation  of  the  carotid  body  with  2-10  jimg.  of 
nicotine  will  increase  total  lung  resistance  under  chloralose-urethane 
anesthesia   (Kadel  and  Y.'iddecoinbe,   1961).     Forester   (1964)  has   found  that  an 
increase   in  alveolar  ^cOo  increases  the  ease  with  which  carbon  monoxide 
reaches  the  red  blood  cell  in  the  lung.     This  indicates  an  increase  in  dif- 
fusion of  oxygen  from  alveoli  to  red  blood  cell  under  the  influence  of  high 

?C02. 

.although  the  respiratory  movements  of  the  birds  could  not  alter  the 
quantity  of  gas  which  passed  through  the  lungs  under  these  artificial  ventil- 
ation conditions,  an  increase  in  tracheal  pressure  could  indicate  a  reduction 
in  flow  past  the  gas  exchange  surfaces  of  the  lungs.  The  parabronchi  have 
an  abundance  of  smooth  muscle  cells  which  surround  them  in  a  unique  network. 
A  slight  contraction  of  these  muscle  cells  would  decrease  the  gas  flow  through 
the  parabronchi  and  hence  over  the  gas  exchange  surfaces  and  would  act  to 
shunt  the  gas  through  the  direct  bronchial  pathways  to  the  air  sacs.  Such  a 
shunt  would  have  the  effect  of  diminishing  the  exchange,  especially  oxygen, 
between  gases  and  blood.  Such  an  explanation  also  seems  supported  by  the 
reduced  arterial  Pq2  which  occurred  during  increased  tracheal  pressure  at  lov; 
respired  carbon  dioxide  levels  (Figs.  5  and  6). 

No  significant  change  in  tracheal  pressure  was  found  with  the  variation 
of  oxygen  tension  (Figs.  15  and  16).  The  tracheal  pressure  means  were,  how- 
ever, more  erratic  when  below  22%  02.  There  was  little  change  in  tracheal 
pressure  at  higher  oxygen  tensions.  Some  birds  tended,  however,  to  show 
definite  gradual  decreases  in  tracheal  pressure  with  hypoxia. 
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Control  of  variation  in  tracheal  pressure  probably  is  necessary  in  the 
control  of  blood  gas  levels.  It  appears  that  further  evaluation  of  the  influ- 
ence of  gas  tensions  on  airway  resistance  will  require  consideration  of  at 
least  three  factors.  First,  changes  in  tracheal  pressure  do  occur  with  changes 
in  carbon  dioxide  and  possibly  may  be  influenced  by  low  levels  of  respired 
oxygen.  Zach  of  these  gases  should  be  studied  over  a  range  of  tensions. 
According  to  our  results,  the  5-8^  C0£  level,  which  was  used  by  Nadel  and 
"./iddecombe  (1S61),  is  in  a  region  in  which  the  tracheal  pressure  is  changing. 
It  may  be  that  there  is  a  threshold  in  the  effect  of  carbon  dioxide  on  tracheal 
pressure.  Second,  the  duration  of  hypoxia  may  be  a  factor  influencing  tracheal 
pressure.  Some  variation  has  been  noted  in  experimental  responses  of  tracheal 
pressure  to  hypoxia.  In  the  present  experiment  the  oxygen  level  in  the  respired 
gas  was  reduced  to  4%   (not  reported  on  the  graphs)  in  two  birds  with  a  concomi- 
tant marked  drop  in  a  tracheal  pressure  occurring.  It  may  be  that  prolonging 
hypoxia  produces  a  drop  in  tracheal  pressure.  Third,  the  type  of  anesthetic 
used  may  be  important.  Tracheal  pressure  responses  to  hypoxia  have  been 
obtained  with  chloralose  or  chloralose-urethan  rather  than  with  barbiturates 
(Widdecombe,  IS  63). 


SUMMARY 

A  method  has  been  studied  by  which  the  arterial  blood  gas  tensions  in  the 
chicken  can  be  controlled  with  the  use  of  the  unidirectional  artificial  respir- 
ator. Simultaneous  determinations  have  been  made  for  the  arterial  ¥Q   ,  arter- 
*-a^  ^COg*  arterial  pll,  blood  pressure,  heart  rate,  tracheal  pressure,  respira- 
tory period,  and  respiratory  amplitude  which  correspond  to  given  respiratory 
gas  mixtures.  The  respiratory  gas  mixtures  ranged  in  steps  (1)  from  20-G-2C 
QOz   and  from  4-94/i  O2  in  Study  I  and  (2)  from  12-2-12;,  C02  and  from  50-6$  02 
in  Study  II. 

The  arterial  carbon  dioxide  tensions  tended  to  coincide  with  the  respira- 
tory gas  mixture  tensions  except  at  low  levels  of  carbon  dioxide.  This  differ- 
ence may  have  been  due  to  a  build-up  of  combined  carbon  dioxide  from  the  pre- 
ceding exposure  to  high  GOg  or  from  metabolically  produced  carbon  dioxide. ) 
The  difference  between  the  arterial  oxygen  tension  and  the  respiratory  oxygen 
tension  tended  to  increase  with  increasing  P0  .  This  difference  seemed  to  be 
due  mainly  to  the  increased  effect  of  venous  admixture  at  high  oxygen  levels 
ana  to  the  use  of  gases  rather  than  liquids  for  calibrating  the  oxygen 
electrode. 

Leasurements  of  respiratory  movements  indicated  that  the  respiratory 
response  does  not  decrease  at  high  levels  of  carbon  dioxide  in  the  chicken. 
The  increase  in  tracheal  pressure,  which  occurred  at  low  carbon  dioxide  levels, 
may  be  associated  with  the  decreased  arterial  oxygen  tensions  which  occur  at 
low  carbon  dioxide  levels.  An  increase  in  heart  rate  and  a  decrease  in  blood 
pressure  were  found  to  occur  at  the  lower  levels  of  oxygen. 

ffith  the  use  of  liquids  rather  than  gases  for  oxygen  electrode  calibra- 
tions and  taking  possible  effects  of  combined  carbon  dioxide  and  venous 
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admixture  into  consideration,  unidirectional  respiration  does  make  possible 
the  control  of  arterial  blood  gas  tensions  in  the  chicken. 
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&   method  for  the  experimental  control  of  changes  in  blood  gas  tensions 
in  vivo  has  made  possible  the  study  of  cheraoreceptor  responses  over  a  range 
of  blood  gas  tensions  and  the  study  of  possible  interaction  of  responses  of 
the  different  chemoreceptors.  The  unidirectional  respirator  can  be  used  in 
the  chicken  to  produce  desired  changes  in  blood  gas  tensions.  This  study  has 
been  made  to  determine  the  relationship  between  arterial  blood  gas  tensions 
and  respiratory  gas  tensions  when  these  tensions  were  widely  varied.  In 
conjunction  with  the  continuous  measurement  of  arterial  Poo,  PC02>  a*1*1  PK> 
blood  pressure,  heart  rate,  tracheal  pressure,  respiratory  period  (inverse 
of  rate),  and  respiratory  amplitude  were  also  measured  on  adult  male  chickens. 

Study  I  included  the  simultaneous  measurement  of  each  of  the  above  para- 
meters except  tracheal  pressure  under  conditions  in  which  the  gas  mixtures 
(BTPS)  used  with  the  unidirectional  respirator  were  varied  (1)  from  20$  CO2 
down  to  0$  CO2  and  back  up  to  20$  CO2,  while  holding  oxygen  at  18$  and 
(2)  from  4%  02  up  to  94$  02,  while  holding  carbon  dioxide  at  5$.  Study  II 
included  measurement  of  the  same  parameters,  with  the  addition  of  tracheal 
pressure.  The  gas  mixtures  in  Study  II  were  varied  (1)  from  12$  C02  down  to 
2$  C02  and  back  up  to  12$  CO2  and  (2)  from  50$  O2  down  to  6$  02(two  trials 
on  each  bird) • 

The  Eeckman  modular  cuvette,  containing  electrodes  sensitive  to  P™  . 

bU2* 

P02»  and  pK,  was  used  to  make  continuous  measurements  of  these  variables. 
Analyzed  gases  containing  various  percentages  of  02  and  CO2  were  used  to 
calibrate  the  P02  and  Pq02  electrodes,  appropriate  transducers  were  used 
for  the  measurement  of  the  other  parameters.  An  Offner  Type  S  multichannel 
pen  recorder  was  used  for  simultaneous  recording  of  the  parameters.  Constant 


temperature  water  baths  were  used  with  the  modular  cuvette  ilnd  for  warming 
and  humidifying  the  gas  mixtures  in  the  unidirectional  respirator.  Body- 
temperature  was  also  monitored. 

The  results  of  the  experiment  showed  close  agreement  between  the  Pcoo  °^ 
of  the  respiratory  gas  mixture  and  the  arterial  Pc02»  except  at  low  tensions  of 
respired  Pc02*  ^ne  difference  found  in  carbon  dioxide  tensions  at  low 
C02  may  have  been  due  to  a  build-up  of  combined  C02,  from  preceding  exposure 
of  the  blood  to  high  PC02#  ^so,  since  endogenous  CQ2  is  continuously  pro- 
duced, a  small  amount  of  carbon  dioxide  tension  would  be  expected  even  at  low 
respiratory  values  of  PC02» 

The  agreement  between  the  Pq^  of  the  respiratory  gas  mixture  and  the 
arterial  Pq2  was  less  exact.  As  the  Pq2  was  increased,  the  difference  between 
the  respired  gas  tension  and  arterial  Pq2  increased.  This  difference  could 
be  explained  by  several  factors,  including  venous  admixture,  use  of  gases  rather 
than  liquids  for  electrode  calibrations,  and  ventilation-perfusion  differences. 

Findings  from  measurement  of  other  parameters  include  lower  blood  pressure 
and  higher  tracheal  pressure  at  low  respired  Pco-  >  and  little  variation  of 
these  parameters  with  changes  of  respired  oxygen  except  at  low  O2  tensions 
v/here  there  was  an  increase  in  heart  rate  and  decrease  in  blood  pressure, 
alteration  of  respired  carbon  dioxide  seemed  to  have  little  effect  on  respira- 
tory period,  but  respiratory  amplitude  increased  with  increasing  PoOo*  ^e~ 
creasing  the  oxygen  tension  increased  amplitude  and  decreased  period.  Respir- 
atory movements  usually  ceased  when  the  respired  GQ2  went  below  4/.. 

The  unidirectional  respirator  can  be  used  to  control  blood  gas  tensions 
if  the  factors  which  cause  differences  between  respiratory  gas  tensions  and 
arterial  blood  gas  tensions  are  taken  into  consideration. 


